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1. Title of Invention A Recording Method 

2, Scope of Claims 

(1) A recording method that applies a recording solution to a film that has fine holes arranged in 
an orderly or random manner, that brings the film into contact with a heating section that 
generates heat in response to input signals after the recording solution is supplied to said holes so 
as to heat the recording solution in the aforesaid holes, and that ejects and propels the recording 
solution from the fine holes of the aforesaid film toward a recording medium by the energy 
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generated by the thermal expansion of the recording solution or the evaporation of the recording 
solution caused by this heating, thus carrying out recording, said recording method being 
characterized by the fact that the recording solution employed here is comprised of (A) a 
coloring agent, such as a dye, pigment, etc., (B) a monomer and (or) prepolymer that can be 
cured by exposure to ultraviolet rays, (C) a photopolymerization initiator, and (D) a solvent as 
necessary and by the fact that, after the recording, the recording solution on the recording 
medium is exposed to ultraviolet rays. 

3. Detailed Explanation of the Invention 
[Objectives of Invention] 
[Field of Industrial Application] 

The present invention pertains to a recording method that supplies a recording solution that 
contains an ultraviolet-curable monomer and (or) prepolymer to a film that has a large number of 
fine holes and then carries out recording by selectively heating and ejecting the recording 
solution in the fine holes by the action of the heating section, after which the recorded medium is 
exposed to ultraviolet rays. 

[Prior Art] 

While spectacular progress is being made in office automation, the field of printers for producing 
hard copies has been lagging behind most other fields. 

Currently, the wire -dot system of impact printers is the mainstream among various printer 
systems. This system, however, has the problems of slow speed, high noise, etc., and presents 
problems if it is applied to high-speed output apparatuses or OA [office automation] equipment. 

Thus, quiet non-impact printers have received attention. Various systems have been developed 
for this type up to date, among which the ink-jet system has received the most attention. 

This ink-jet system has many advantages. For example, it is quiet, its running costs are low, it 
can use regular paper, it does not require a special fusion process, it can be made into a color- 
printer system easily, and so forth. However, it has the problem of lack of reliability and need of 



0O\0285\trO0e.doc 



Page! 



JPN patent application no. 61-164836 

maintenance due to nozzle clogging. In connection with this, this system cannot use curing-type 
binders and pigments. As a result, this system presents many more problems. For example, 
aside from printing on paper, it is difficult to employ this system for nonabsorptive printing 
material made of metal, plastics, glass, etc. 

[Problems that the Invention Intends to Solve] [top left col, pg 2 - 21 2-] 

The present invention intends to solve the aforesaid problems of the ink-jet system. 

[Structure of the Invention] 
[Means of Solving the Problems] 

The present invention provides a recording method that applies a recording solution to a film that 
has fine holes arranged in an orderly or random manner, that brings the film into contact with a 
heating section that generates heat in response to input signals after the recording solution is 
supplied to said holes so as to heat the recording solution in the aforesaid holes, and that ejects 
and propels the recording solution from the fine holes of the aforesaid film toward a recording 
medium by the energy generated by the thermal expansion of the recording solution or the 
evaporation of the recording solution caused by this heating, thus carrying out recording, said 
recording method being characterized by the fact that the recording solution employed here is 
comprised of (A) a coloring agent, such as a dye, pigment, etc., (B) a monomer and (or) 
prepolymer that can be cured by exposure to ultraviolet rays, (C) a photopolymerization initiator, 
and (D) a solvent as necessary and by the fact that, after the recording, the recording solution on 
the recording medium is exposed to ultraviolet rays. 

In the present invention, as the film that has fine holes arranged in an orderly or random manner, 
the films of synthetic resin, such as polyimide, polyester, polyethylene terephthalate, etc., 
metallic films of aluminum, nickel, stainless steel, iron, palladium, etc., and the like films can be 
used individually or in a laminated form. It is preferable for this film to have good heat 
resistance, solvent resistance, wear resistance, and mechanical strength. 

Because the film thickness affects the film strength and the ejection amount of the recording 
solution, the film thickness should be determined according to the film material and the ejection 
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amount of the recording solution. However, from the viewpoint of the processability of the film, 
the ejection amount of the recording solution, and so forth, it can be said that a range of several 
microns to several hundred microns is appropriate. 

The size of the fine holes can' also be selected appropriately according to the ejection amount of 
the recording solution, and, considering the retention and ejection of the recording solution, a 
range of several microns to several hundred microns is preferable. 

If the holes are made extremely small, the ejection amount of the recording solution becomes too 
little to produce satisfactory recording density for the printed matter. If the holes are made too 
large, the ejection amount becomes too much to form fine dots. 

As for the shape of the holes, a circle is preferable for obtaining dots with a shape that is as 
circular as possible, but the shape of the holes is not limited in any way. These holes may 
penerrate the film, or they may be indentations that do not run through the film to the side that 
faces the heating section. 

The number of the aforesaid fine holes can be increased or decreased according to printing 
density, etc., and it ranges from 1 to 100 or thereabouts per 1 mm [sic], although the size of the 
holes may affect this range. 

These fine holes may be arranged randomly, but it is preferable to arrange them in an orderly 
manner. 

As the heating section that generates heat in response to input signals, heating heads that are 
commonly used for thermal recording, etc., can be employed as they are or with some further 
modifications. 

As the coloring agent (A) contained in the recording solution of the present invention, various 
types of dyes and pigments can be effectively used individually or in combination. 
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The dyes here include direct dyes, acid dyes, basic dyes, mordant dyes, metal-containing dyes, 
vat-dyeing dyes, sulfur dyes, reactive dyes, disperse dyes, alcohol-soluble dyes, oil-soluble dyes, 
etc. According to chemical structure classifications, the present invention can effectively employ 
acridine dyes, aniline black, anthraquinone dyes, azine dyes, azo dyes, azomethine dyes, benzo 
and naphthoquinone dyes, indigoid dyes, indophenoi, indoaniline, indamine, esters of leuco vat- 
dyeing dyes, naphthoi imide dyes, nigrosine and induline, nitro and nitroso dyes, oxazine and 
dioxazine dyes, acid dyes, phthalocyanine dyes, polymethine dyes, quinophthalone dyes, sulfur 
dyes, tri and diallylmethane dyes, thiazine dyes, thiazole dies, xanthene dyes, etc. 

[top pg 3,-213-] 

As the pigments, both organic pigments and inorganic pigments can be employed. 

The organic pigments that are preferably used here include nitroso pigments, nitro pigments, 
phthalocyanine pigments, insoluble azo pigments, less soluble azo pigments, soluble azo 
pigments, lake pigments of basic dyes, lake pigments of acid dyes, lake pigments of vat-dyeing 
dyes, quinacridone pigments, dioxazine pigments, perylene pigments, isoindolinone pigments, 
etc. 

The inorganic pigments that are preferably used here include carbon black, titanium white, cobalt 
oxide, barium sulfate, calcium carbonate, magnesium carbonate, ultramarine blue, etc. 

It is preferable that the coloring agent (A) be dissolved in a monomer and (or) prepolymer (B) or 
in a solvent (D). In the case of using certain types of dyes or pigments, such as disperse dyes, 
etc., as the recording agent, the coloring agent must be dispersed so as to set its particle size to a 
size that is at least smaller than the size of the fine holes of the film. The particle size of the 
recording agent dispersed in this manner is several microns or less, preferably 1.0 micron or less. 

Used as the monomer and (or) prepolymer (B) that can be cured by the irradiation of ultraviolet 
rays are those that are well known, and there are the cross-linking polymerization type that 
contains unsaturated double bonds and ring-opening polymerization type that contains epoxy 
groups. 



00\0285\trO0e.doc 



Page 5 



JPN patent application no. 61-164836 



The monomers of the unsaturated double bond-containing cross-linking polymerization type 
include styrenes, alkyl (meth)acrylates, ethylene glycol di(meth)acrylates, ethylene glycol 
mono(meth)acrylates, polyethylene glycol di(meth)acrylates, polyethylene glycol 
mono(meth)acrylates, 1,6-hexane diol di(meth)acrylates, 1,6-hexane diol mono(meth)acryaltes, 
trimethylol propane tri(meth)'acrylates, etc., and some examples of this type of prepolymer 
include epoxy resins, (meth)acrylates, such as polyester, etc., reaction products of isocyanate 
group-containig resins and hydroxyl group-containing unsaturated monomers, and so forth. 

Some examples of the epoxy group-containing ring-opening polymerization type include 
bisphenol A diglycidyl ether, polyglycidyl ethers of polyhydric alcohols, propylene oxide, 
butylene oxide, cyclic ethers, lactones, etc. 

Cited as examples of the photopolymerization initiator (C), in the case of using the cross-linking 
type that contains unsaturated double bonds as (B), are those that generate radicals when exposed 
to ultraviolet rays, such as well-known benzoine and its derivatives, benzophenone and its 
derivatives, and acetophenone and its derivatives. In the case of using the ring-opening 
polymerization type, those that generate Lewis acids by the irradiation of ultraviolet rays-for 
example, onium salts of Lewis acids, etc.-can be cited as examples. 

The solvent (D) used as necessary include water and organic solvents, and some examples of the 
organic solvents include alcohol-type solvents, such as methanol, ethanol, n-propyl alcohol, 
isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, tert-butyl alcohol, isobutyl alcohol, pentyl 
alcohol, hexyl alcohol, heptyl alcohol, octyl alcohol, nonyl alcohol, decyl alcohol, diacetone 
alcohol, etc.; ether-type solvents, such as ethyl ether, butyl ether, ethylene glycol diethyl ether, 
ethylene glycol monoethyl ether, diethylene glycol monobutyl ether, ethylene glycol monobutyl 
ether, etc.; glycol-type solvents, such as ethylene glycol, propylene glycol, butylene glycol, 
hexylene glycol, methylene glycol, methylene glycol [sic], polypropylene glycol, methoxy 
glycol, ethoxy glycol, polyethylene glycol, glycerol, etc.; ketone-type solvents, such as acetone, 
methyl ethyl ketone, isobutyl ketone, cyclohexane, etc.; ester-type solvents, such as ethyl acetate, 
propyl acetate, butyl acetate, ethyl formate, ethylene glycol monoethyl ether acetate, phenyl 
acetate, etc.; hydrocarbon-type solvents, such as hexane, octane, cyclohexane, toluene, xylene, 
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etc.; and petroleum-type or halogenated hydrocarbon solvents, such as carbon tetrachloride, 
dichloromethane, trichloroethyiene, tetrachloroethane, dichlorobenzene, etc., as well as N- 
methyl-2-pyrrolidone, monoethanol amine, diethanol amine, morpholine, etc. In order to .adjust 
the solubility of the dye, the dispersibility of the dye or pigment, and the boiling point, surface 
tension, etc., of the recording solution appropriately and within the range that does not impair the 
desirable characteristics of the resulting recording solution, these solvents can be used singly or 
in combination of two kinds or more. 

[left col, pg 4, -21 4-] 

The recording solution described in the foregoing preferably contains a component that 
evaporates by heating. From this point of view, it is usually necessary to add at least one kind of 
monomer or solvent that has a boiling point of 150°C or below. 

Various types of additives can be added to the recording solution of the present invention 
according to applications. 

Used preferably as a viscosity regulator are methyl cellulose, hydroxypropyl cellulose, 
carboxymethyl cellulose, polyvinyl alcohol, polyvinyl pyirolidone, gum arabic, starches, sodium 
alginate, etc. 

Used as a surface-tension regulator are anionic, cationic, nonionic, etc., surfactants, and it is 
sufficient to use these surfactants in an amount that is 10 % or less, preferably 1 % or less, by 
weight of the recording solution. 

The aforesaid surfactants can also be used as a dispersant in order to achieve stable dispersion of 
the recording agent. It is also possible to use pigment dispersants comprised of various pigment 
derivatives that are well known in the pigment industry. 

It is also possible to add urea, nitrogen-containing compounds, etc., for the purpose of 
maintaining the stable solubility of the dye. 
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Furthermore, dimethyl ammonium chloride, alkylbenzyl, laurylamine acetate, N-alkyl 
trimethylene diamine, 2-bromonitropropane-l, 3-diol, benzotirazol, etc., can also be added as a 
stabilizer. 

A pH regulator is added as necessary in order to increase the solubility of the recording agent, to 
maintain its stability, to adjust its hue, or to prevent changes in the physical properties of the 
solvent. 

Cited as some examples of the pH regulator here are sodium hydroxide, potassium hydroxide, 
ammonium hydroxide, lower alkanolamine, sodium phosphate, sodium carbonate, etc. 

In addition to the additives mentioned above, according to the application of the recording 
solution or in order to impart durability, etc., fluorescent dyes, infrared absorbents, fragrances, 
antifungal agents, bactericides, chelating agents, antioxidants, silane coupling agents, 
plasticizers, thermoplastic resins, etc., can also be added. 

In the present invention, the irradiation of ultraviolet rays is conducted by a well-known means. 
If the recording solution contains a solvent with low volatility, it may become necessary to 
eliminate the solvent with (hot) air, etc., during the irradiation of ultraviolet rays or before or 
after it 

In the present invention, for the purpose of improving the adhesion of the surface of the 
recording medium and the recording solution, it is preferable to subject the surface to a physical 
treatment, such as a corona-discharge treatment, etc., or a chemical treatment using an anchoring 
agent, etc. 

The following explains the present invention in detail, referring to working examples. 
Working Example 1 

In 20 micron-thick polyimide film (1), 100 holes (2) with a diameter of 30 microns were 
provided per 1 square millimeter. 
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A recording solution (3) described below was soaked in a piece of felt (4) and applied to the 
surface of the aforesaid polyimide film (1), thus placing the recording solution below in the holes 
uniformly. 

The aforesaid film to which the recording solution was supplied was transferred over the heating 
head (5) that generated heat in response to input signals. 

The recording solution that responded to the heating head was ejected and propelled to the 
polyester film (6) that was placed opposite to the heating head and whose surface had been 
subjected to a corona-discharge treatment, thus forming an image, and the image was exposed to 
ultraviolet rays and cured, after which the volatile components were eliminated with hot air. 
This image showed excellent solvent resistance. 

In addition, a similar image was also obtained by the method that kept the aforesaid polyimide 
film with holes stationary and moved the heating head instead. 

Formula of recording solution 
(Recording Solution 1) 
oil black HBB 
ethylene glycol diacrylate 
hydroxypropyl cellulose 
isopropyl alcohol 
ethylene glycol 
benzoin ethyl ether 

(Recording Solution 2) 
food coloring red No. 3 
ethylene glycol diacrylate 
ethylene glycol 
anionic surfactant 



6 parts by weight 
30 
2 

40 

10 
? 



7 

18 
10 
5 
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benzoin ethyl ether 1.2 

refined water 45 

(Recording Solution 3) 

phthalocyanine blue 4 

bisphenol A diglycidy 1 ether 1 0 

propylene oxide 10 

methyl ethyl ketone 20 

aromatic diazonium salt of a Lewis acid 1 



(pp.33, manufactured by Asahi Denka Kogyo, a product name) 
[Recording solution preparation method] 



With respect to Recording Solutions 1 and 2, after the dyes were dissolved, the solutions were 
filtered under pressure with a 3-micron filter. 

Recording Solution 3 was prepared by dispersing the dye with an attritor and by filtering the 
solution with a 10-micron filter under pressure. 

Working Example 2 

Using a 15 micron-thick film having 100 30-micron-diameter holes per 1 square millimeter and 
also using the recording solution below, an image with excellent solvent resistance was obtained 
in the same manner as in Working Example 1, except that no hot air was used. 



(Recording Solution 4) 

carbon black 12 parts by weight 

ultramarine blue 1 

1 ,6-hexane diol diacrylate 30 

styrene 40 

dioctyl phthalate 5 

benzophenone 2 
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bisdiethyl amino benzophenone 3 

[Recording solution preparation method] 
The same as that of Recording Solution 3. 

[Effects of the Invention] 

According to the present invention, the formation of bubbles at the time of supplying the 
recording solution to the film, which was a problem with inkjet printers, did not occur, and poor 
printing, etc., resulting from this problem also did not occur. Because the present invention 
cures the obtained images by the irradiation of ultraviolet rays, it can print images with excellent 
solvent resistance, thus making it possible to print on nonabsorptive printing medium. 

4. Brief Explanation of the Drawings 

Figure 1 is a plan view of the film; Figure 2 is a perspective view that illustrates the recording 
method; and Figure 3 contains cross-sectional drawings that illustrate the recording principle. 
The symbols in the figures have the following meanings. 

1 . . . film 2 . . . fine holes 

3 . . . recording solution 3a . . . bubbles 

4 ... felt 5 . . . heating head 
6 . . . recording paper 

Patent applicant: 

Toyo Ink Manufacturing K.K. 

[Paste the figures here, pp.21 5-21 6] 

Key: a) Figure 1; b) Figure 2; c) Figure 3. 
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ABSTRACT 

PURPOSE: To enable the application on non-ink absorptive materials to be 
printed by a method wherein/ a recording liquid is ejected and flown to a 
material to be printed and after recording, the adhered liquid droplets are 
cured by the irradiation of ultraviolet rays. 

CONSTITUTION: A film filter 1 excellent in heat resistance, solvent 
resistance, abrasion resistance and mechanical strength is provided the 
arrangement of minute pores 2. As a heat generator, a thermal head 
generally used at present in thermal printing is employed. An ordinary 
colorant is dissolved in monomer and/or prepolymer or solvent. An initiator 
of photo-polymerization is of a nature generating Lewis acid by the 
irradiation of ultraviolet rays, and it is preferable that the recording 
liquid 3 contains a component to be vaporized when heated. The recording 
liquid 3 being immersed in a felt 4 is fed into the pores 2 perforated in 
the film surface 1 uniformly. Said film is moved freely on a thermal head 5 
in accordance with an inputted signal. Onto a film 6, positioned opposite 
to the thermal head, the recording liquid is transferred into the plurality 
of minute pores in the film filter 1 which is ejected and flown thereby 
forming desired images thereon. After that, the adhered droplets are cured 
by the irradiation of UV rays and volatile component is removed by blowing 
heated air. As described above, the formed image is a hardened one, it is 
made possible to perform printing on non-ink absorptive materials. 
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PURPOSE: To enable the application on non-ink absorptive 
materials to be 
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material to be printed and after recording, the adhered liquid 
droplets are 

cured by the irradiation of ultraviolet rays. 

CONSTITUTION: A film filter 1 excellent in heat resistance, 
solvent resistance, 

abrasion resistance and mechanical strength is provided the 
arrangement of 

minute pores 2. As a heat generator, a thermal head generally 
used at present 

in thermal printing is employed. An ordinary colorant is 
dissolved in monomer 

and/or prepolymer or solvent. An initiator of 
photo-polymerization is of a 

nature generating Lewis acid by the irradiation of ultraviolet 
rays, and it is 

preferable that the recording liquid 3 contains a component to be 
vaporized 
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pores 2 perforated in the film surface 1 uniformly. Said film i 
moved freely 

on a thermal head 5 in accordance with an inputted signal- Onto 
a film 6, 

positioned opposite to the thermal head, the recording liquid is 
transferred 

into the plurality of minute pores in the film filter 1 which is 
ejected and 

flown thereby forming desired images thereon. After that, the 
adhered droplets 

are cured by the irradiation of UV rays and volatile component i 
removed by 

blowing heated air. As described above, the formed image is a 
hardened one, it 

is made possible to perform printing on non-ink absorptive 
materials . 
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